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REMARKS 

Claims 1-3, 6-11, 14-16, 20, 22-24, 26-33 and 52-54 are pending in the application. 

Claims 1-3, 6, 7, 10, 11, 14-16, 20, 24, 26-29, 32, 33 and 52-54 stand rejected under 
35 U.S.C. § 103(a) as being impatentable over Applicant's Admitted Prior Art of Figures 
1 A-IB in view of Yoshinori (JP 63-9968). 

Claim 1 recites an image sensor comprising "a substrate formed over a base 
layer; a plurality of pixel cells formed within said substrate, each pixel cell comprising a 
photo-conversion device having a charge collection region of a second conductivity type 
for accumulating photo-generated charge formed in said substrate below a first layer of a 
first conductivity type; and a plurality of trenches, each trench being provided along a 
perimeter of a respective pixel cell, each trench extending at least to a surface of the base 
layer and below a lower level of said photo-conversion device, each trench having 
sidewalls, and being at least partially filled with a material that inhibits electrons from 
passing through said trench, wherein each of said plurality of trenches prevents diffusion 
of photo-generated charge generated by said photo-conversion device in one pixel cell to 
an adjacent pixel cell." The combination of AAPA with Yoshinori does not achieve a 
structure having the limitations of claim 1. Reconsideration is therefore respectfully 
requested. 

The claimed invention relates to a deep trench isolation structure and method 
for reducing crosstalk among semiconductor circuits and particularly, among adjacent 
photoconversion devices formed in pixel circuits. In one embodiment, a trench is etched 
into a substrate adjacent to a photoconversion device region, wherein the trench extends to 
an epitaxial layer below the substrate. (Present Application, % [0011]) The deep trench 

10 

DSMDB-238ll93v01 



Application No. 1 0/78 1 ,706 Docket No.: M4065.0986/P986 

Reply to Office Action of January 10, 2008 

inhibits electrons from diffusing under the isolation trench to an adjacent pixel. (Present 
Application, 1 [0031]) Yoshinori and the AAPA, even if considered in combination, still 
fail to teach or suggest the claimed invention. 

The Examiner contends that Yoshinori discloses all of the limitations of claim 1. 
Particularly, the Examiner cites to reference characters 2 and 1 in Figure 6 of Yoshinori as 
the substrate and the base layer, respectively, and contends that Yoshinori discloses the 
limitation "[a] trench extending at least to a surface of [a] base layer and below a lov^er 
level of [a] photoconversion device/' (Office Action, pp. 3, 9) Applicant respectfully 
disagrees. A machine translation of Yoshinori (obtained by the Applicant and a copy of 
which is enclosed herewith) reveals that Figure 6 of Yoshinori shows that the 
pinphotodiode consists of diffusion layer 4, epitaxial layer 2 and substrate 1. (second full 
paragraph of Yoshinori translation, page 3). The reference characters 2 and 1 are epitaxial 
layer and substrate, respectively and not what the Examiner contends these reference 
characters to be. Further, the Yoshinori trench stops at the substrate 1. Thus, the trench 3 
in Yoshinori Figure 6 is not below a lower level of the Yoshinori pinphotodiode. 
Particularly, Yoshinori does not disclose or teach "each trench extending at least to a 
surface of the base layer and below a lower level of said photo-conversion device." 

In addition, there is no motivation or reason to combine the AAPA with 
Yoshinori. Yoshinori is directed to increasing the threshold of a parasitic MOS transistor 
using an element separation method. (Yoshinori translation, page 1) The AAPA, on the 
other hand, relates to a photo-conversion device having pixel cells which are isolated from 
one another by shallow trench isolation (STI) regions. There is no reason to combine 
AAPA's photo-conversion device with Yoshinori's parasitic MOS transistor to achieve the 
claimed invention. It appears that the proposed combination of AAPA and Yoshinori is 
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merely an attempt to reconstruct the claimed invention using Applicant's own disclosure 
as a roadmap. Therefore, Applicant respectfully requests that the rejection of independent 
claim 1 and its dependent claims 2-3, 6, 7, 10, 11 and 52-54 be withdrawn and the claims 
allowed. Claims 14-16, 20, 24, 26-29, 32 and 33 contain similar limitations as claim 1 and 
therefore, the rejection of these claims should also be withdrawn. 

Claim 14 recites a structure for isolating an active area on a semiconductor 
device comprising, in part, "a trench formed in a substrate along at least a portion of a 
periphery of said active area in said semiconductor device, wherein said trench extends at 
least to a surface of a base layer below said substrate which is below a lower level of said 
photo-conversion device, and wherein said trench has sidewalls/' For the above- 
mentioned reasons, claim 14 and its dependent claims 15-16, 20 and 24 are likewise 
allowable. 

Claim 26 recites a processor system comprising, in part, ''a trench formed in a 
substrate along at least a portion of a periphery of said active area in said semiconductor 
device, the active area having a photo-conversion device compi-ising a charge collection 
region of n-type conductivity for accumulating charge and located below a p-type region 
of said active area, wherein said trench extends at least to a surface of a base layer below 
said substrate and to a level below a lower level of said photo-conversion device, and 
wherein said trench has sidewalls and inhibits diffusion of charge outside said active 
area/' For the above-mentioned reasons, claim 26 and its dependent claims 27-29, 32 and 
33 are likewise allowable. 
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Claims 8, 9, 22, 23, 30 and 31 stand rejected under 35 U.S.C. § 103(a) as being 
unpatentable over Applicant's Admitted Prior Art of Figures 1 A-IB in view of Yoshinori in 
view of Clevenger. (US 2004/0227061). 

Claims 8 and 9 depend from claim 1 and as such, recite an image sensor, 
comprising, in part, "a photo-conversion device having a charge collection region of a 
second conductivity type for accumulating photo-generated charge formed in said 
substrate below a first layer of a first conductivity type; and a plurality of trenches, each 
trench being provided along a perimeter of a respective pixel cell, each trench extending at 
least to a surface of the base layer and below a lower level of said photo-conversion device, 
each trench having sidewalls, and being at least partially filled with a material that inhibits 
electrons from passing through said trench, wherein each of said plurality of trenches 
prevents diffusion of photo-generated charge generated by said photo-conversion device 
in one pixel cell to an adjacent pixel cell/' 

Claims 22 and 23 depend from claim 14 and as such, recite a structure for isolating 
an active area on a semiconductor device comprising, in part, "a trench formed in a 
substrate along at least a portion of a periphery of said active area in said semiconductor 
device, wherein said trench extends at least to a surface of a base layer below said substrate 
which is below a lower level of said photo-conversion device, and wherein said trench has 
sidewalls/' 

Claims 30 and 31 depend from claim 26 and as such, recite a processor system 
comprising, in part, "a trench formed in a substrate along at least a portion of a periphery 
of said active area in said semiconductor device, the active area having a photo-conversion 
device comprising a charge collection region of n-type conductivity for accumulating 
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charge and located below a p-type region of said active area, wherein said trench extends 
at least to a surface of a base layer below said substrate and to a level below a lower level 
of said photo-conversion device, and wherein said trench has sidewalk and inhibits 
diffusion of charge outside said active area/' 

As mentioned earlier, the AAPA when in combination with oshinori fails to 
disclose, teach or suggest all of the limitations of claims 1, 14 and 26. Clevenger fails to 
cure the deficiencies of Yoshinori and the AAPA. The Office Action relies on Clevenger to 
only teach a trench depth greater than about 2000 Angstroms and an image sensor, (Office 
Action, p. 8) Therefore, Applicant respectfully requests that the rejection of claims 8, 9, 22, 
23, 30 and 31 be withdrawn and the claims allowed. 



In view of the above. Applicant believes the pending application is in condition 



for allowance. 
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Abstract 

PURPOSE:To invert an Si surface in the bottom of a trench even under any bias conditions, and to form a 
parasitic channel by increasing the first impurity concentration of a first semiconductor substrate being in 
contact with the cut trench in the first semiconductor substrate containing a first impurity and isolating an 
element. CONSTITUTION:A trench is dug to an SI substrate on which an epitaxial layer 2 Is shaped, and an 
N-type impurity is doped to Si on the inside of the trench by using PocIS, phosphorus-doped SI02, 
arsenic-doped Si02, etc., as an Si surface except the trench is left as it Is masked. Si In the trench Is insulated 
by a thin thermal oxide film 26, and the trench is buried with non-doped polysiiicon 27. Polysilicon 27 in the 
trench and the surface of the SI substrate are oxidized to form a thick oxide film 28, and subsequent 
processes are executed, thus shaping a p<+> gate 29. Accordingly, the threshold of a parasitic MOS 
transistor can be increased, and channels between gates in adjacent elements can be turned OFF at all times 
even under any bias conditions during the operation of an image sensor. 

B^$ffi# Specification 



Claims 

(1) 



1 Title of Invention 

element separation method of electrostatic induction transi 
stor image sensor 



2.Claim (s ) 
(1) 

Digging slot in first semiconductor substrate which includ 
es first impurity of image sensor which configuration is 
done with electrostatic induction transistor as photoelectri 
c conversion element ,applying insulating film to interior 

surface of said slot and burying slot with polysilicon an 
d resetting and regarding to method whichseparates eleme 
nt , element separation method . of electrostatic induction 

transistor image sensor whichdesignates that it raises firs 
t impurity concentration of first semiconductor substrate 
which touches to theaforementioned slot as feature 
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(2) 



(2) 



(3) 



(4) 
(5) 



(6) 



Specification 



Ofcy , #1JX.I**CCD i!,MOS SlH*}i^*^$ 

fflL^/■-e■x3^-*>7*^'miilcal[sl^Tl^■s„ m 



element separation method . of electrostatic induction tra 
nsistor image sensor which is stated in Claim 1 which d 
esignates thing which first impurity concentration of first 
semiconductor substrate which touchesto base of aforem 
entioned slot selectively is raised asfeature 

(3) 

element separation method . of electrostatic induction tra 
nsistor image sensor which designates that you dig slot i 
n first semiconductor substrate which includes first impur 
ity , in image sensor which configuration is done with e 
lectrostatic induction transistor as photoelectric conversion 
element , apply insulating film to only side face of sai 
d slot , bury slot with tfie polysilicon and reset as featur 
e 

(4) 

As for aforementioned polysilicon , element separation m 
ethod . of electi-ostatic induction transistor image sensor 
which is stated in Claims Claim 3 which designates that 
it is a non doped polysilicon as feature 

(5) 

As for aforementioned polysilicon , element separation m 
ethod . of electrostatic induction transistor image sensor 
which is stated in Claims Claim 3 which designates that 
it is a polysilicon which includes first impurity as featu 
re 

(6) 

It applies insulating film to only side face of aforementi 
oned slot ,after raising first impurity concentration of firs 
t semiconductor substrate of base of said slot , itburies 
with non doped polysilicon and element separation metho 
d . of electrostatic induction transistor image sensor whic 
his stated in Claims Claim 3 which designates that you r 
eset as feature 



(Industrial Area of Application ) 

this invention regards element separation method of imag 
e sensor which configuration is donewith electrostatic ind 
uction transistor (SIT ) as photoelectric conversion eleme 
nt . 

[Prior Art ] 

Recently, solidification of camera device is advancing qui 
ckly, for example CCD array type, the video camera whi 
ch uses MOS type solid state camera element has arrive 



3.Detailed Description of the Invention 
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i#fcnTl>'So m6Ell*SlT>fy-v-lr>-y-A<^ 
/J^L. mmtji^Ji^vmf^Lfz SIT ^y-v-lr>+^ 

(D-b;KDBT®^7i^t"iii'efcysn'a*s 1 ^Ku-r 

2 lH[z\^[y:y^^mU 3 T^^^H^Hyt SIT -tr^U I, 
II,III /)^*TL/^^KICiEH^?tlTt^^^^^^^LT 

SL^l^ n'fitlfcl 5 "eft^^^tl'SV-X. SI/ 



d to market , applied field of solid state camera element 
is spreading to industrial robot , crime prevention camer 
a , astronomical observationand still camera or other pol 
yhedron not just home video camera , as visual sensor . 
There is a increasing sensitivity in one of requirement f 
or this solid state camera element . In order to answer t 
0 strong needs where it confronts ultraminiaturization of 
quality increase , video camera of utilization and image 
of still camera , increasing sensitivity of the photographi 
c element has become necessary requisite , 

As for line sensor and solid state camera element which 
use SIT as photoelectric conversion element , the photo 
charging amplifying because it is possible with element i 
nterior , expectation as high sensitivity image sensor lean 
s. Figure 6 paying attention to SITimage sensor being hi 
gh sensitivity , reduces the cell dimension of one , in fi 
gure which shows cross section of cell of SITimage sens 
or which configuration is done, designates n'substrate 1 a 
s the drain with microscopic cell , In order to form sour 
ce , and gate capacity which as for cell ofthe.one which 
has shown state where SlTcell 1, II, III which is separa 
tedinside n- epitaxial layer 2 which grew on that in tren 
ch isolation section 3 is arranged in array gate , which i 
s formed with p'diffusion layer 4 it is shallow areand ar 
e formed with n'diffusion layer 5 thin gate oxide film 6 
and It has consisted of polysilicon 8 in order to take co 
ntact from the polysilicon 7, which was formed on said 
oxide film 6 and n'diffusion layer 5 which forms the sou 
rce . And as for silicon surface other than gate oxide fil 
m 6, source difhision layer 5 it is covered with thick ox 
ide film 9. 



ZCD<t3IC^gi5£^tlrL^^ SIT ^iMziSif^tft 

m^mts p'f-m^m 4,n-xe^^v-v;ni 

2,n'Kb^>*ffi I A^b^^-S pin *h^V:i-— 
it nV-y^^^m 5 A^ n'Kb^>Ste 1 ^a(t\ 

7t-x-;n* p'J^iSy-hffiifcS 4 icsa^tt. ^ 
5t1i^A<i^^ai^ti^oSlT ^>t-v-b:/-9-(D 

•b^u^fiEii. %mnw^tm^i^mtt)< i oro si 

T \^X'iit>^^tz^. 1 o(Z)ir;i/^fcy 1 j@(7)h 
^>vX^T:cfc<. WiBitlzirMLXl^^o SIT 



this way as for photoelectric conversion in SITcell which 
configuration is done,in the.optical storage time which is 
done with pinphotodiode which consists of p'gate difflisi 
on layer 4, n-. epitaxial layer 2, n'drain substrate l,as for 
this photodiode , reverse bias it is done, electron which 
occurs withoptical incidence escapes to n'source diffusion 
layer 5 or n'drain substrate 1, hole the compilation is d 
one in p' floating gate diffusion layer 4, gate voltage ris 
es. And with photocharging increased fraction of gate vo 
Itage , in light signal reading time , polysilicon 7, gate 
oxide film 6p' [ge ] - through gate capacity which consi 
sts of * diffusion layer 4,because it is added to gate bia 
s voltage which is added to p'gate diffusion layer 4,corre 
sponds to stored amount of photocharging between sourc 
e diffusion layer 5 and drain substrate 1 large output cur 
rent to flow, light signal reads out, cell configuration of 
SITimage sensor , because photoelectric conversion and a 
mplifying action are doneinside SIT of one , may be tra 
nsistor of per cell 1 of the one , suitable for narrowing 
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tbtiTl^^o hU>^^S|gP3 li^Hfiiilc^ 



B 6 EKD SIT -tz^U I I*. 1 *T*Sia-r^ 

mi^l-lyy^^^^ 3 iCcfcoT SIT II,III A^ 

3^}KfiELTA^bp'y-hi3£il^tT:^li. p'^-h 
tiu^m 4 lihbl/^^^j^JUSP 3 (Di:Z5T*±*^o 
ttHt^-^hl^y^^MU 3 i: p'^— hffiifc® 4 t 

8t7£ii SIT mmit-bJi^ay^mitLxmLXi^ 
hb>5^5j^{lt}i^ SIT ■\iJl^m:^mi^i>mz. 

itmt-<^j^it.T\ymmzt6i^xmm p'f 

^It^ 15 A<;i<hU>5^IISP 16 (D^m^)&f§. 

m&i^m^izit. mmf-h gi,g2 icM^f^ss 

G2 ICSE Vcc mut>'oXl^i) 
t. hU>^{PJJ® 17 Si;jS§P 16 (D N §Jv'J=i> 

A<seL p s^A'^'^ju 18 ^umLs iasy- 

hGl,G3 A<®iiLTL*^^»g14A<&4. 



m 1 El(A)(7)^ffi[B]S&^m 7 [l(B)|37K-roSlT 

as vn *<ipx.bttrfcy . ^i^stsii 15 i^cD^Ku 

v'J=i> 19 lcli>r— h G2 CD^E Vcc 

» CI i: C2 t\zm\\^^xl\wiry^(r>x. hb>^ 
W7KUv'j=i> 19 COSE Vpos \t:^fL'AX^■7.^ 

ti'So hb>^rt7KUv'j=i> 19 

U v'J=i> 19 cottEliy-K«E Vcc (D^^blc 

mif-\- G1,G2 fellz^^^* C1,C2 <t^^ 
mH 20 Tv\'<7X$;K'55?ie^* MOS 



is. To do narrowing of SITimage sensor , reduction of d 
isassociated element region being problem ,as shown in 
Figure 5 , as means which solves this point,trench isolati 
on method is taken, trench isolation section 3 you dig si 
ot in disassociation region with anisotropic etching , the 
slot surface with thermal oxide film or other insulating fi 
Im 10 insulating after doing, you bury usually with the 
non doped polysilicon 11 and reset and planarization do 
and are formed. Separation width at time of this is decid 
ed with the mask width of silicon anisotropic etching , c 
an achieve separation width of l;mu m extent easily. 

m^\^^^^^^MWm^^^Sme^^\ arrives in deep tre 
nch isolation section 3 insulating is done from SITcell I 
I, III. After trench isolation section 3 as stopper for boro 
n scattering because it works,forming trench isolation sec 
tion 3, if p'gate scattering is done, p'gate diffusion layer 
4 stops at theplace of trench isolation section 3. Namely 

because direct contact it is possible trench isolation sect 
ion 3 and p'gate diffusion layer 4,trench isolation method 

is something which is suitable as separation method of 
SlTnarrowing cell , 

(Problem That Invention Seeks to Solve * problem ) 

When using trench isolation method for SITcell portion s 
eparation, as for point whichshould note, when different 
voltage joins to adjacent p'gate at time of array operatin 
g, it is to be possibility which can designate parasitism 
channel asbetween both p'gate . Way it shows in for exa 
mple Figure 7 (A ), when trench isolation section 15 to 
be shallow the impurity concentration of trench base 16 
is low, when voltage Vcc has joined to different voltage 
, for example gate G2 in adjacent gate Gl, G2, n-type 
silicon surface of trench side face 17 and base 16 does i 
nverting and the p-type channel 18 is formed, both gate 
Gl, G3 is a possibility which continuity is done. 

equivalent circuit of Figure 7 (A ) is shown in Figure 7 
(B ). During array operating fixed positive voltage Vn t 
0 be added by drain substrate 1 of the SIT, voltage Vcc 
of gate G2 being divided with by parasitic capacitance 
CI and the C2 into polysilicon 19 inside separation porti 
on 15, because it joins, voltage Vpos of polysilicon 19 i 
nside trench is given with next formula . Because polysil 
icon 19 inside trench usually is non doped , we have th 
e resistor 20 which is large to unusual , as for voltage 
of polysilicon 19 following to moment in change of gate 
voltage Vcc, there are not timeswhen it reaches value o 
f above equation . Between adjacent gate Gl, G2 with p 
arasitic capacitance CI, C2 and parasitic resistance 20 it 
is decided that thefloating parasitism MOS transistor 21 
which bias is done exists, this is not unable tocome to p 



Page 4 Paterra® InstantMT® Machine Translation (US Patent 6,490,548). Translated and formatted in Tsukniba, Japan. 



oint of inhibition doing normal array operation. 



5'+V'V;Hi 2 rtlcfeyiShb>5^lSgP 16 0)^ 
S6^S)tA^+»1Sl^li^^*tfcollligO SIT 

Jt<7)3!l^?:&lRlCD3^P3?T'<;Ubli..m8gllC7rv-r 

»*SA^bSbA<xe^:^v-v;HiSsi^rs]<)NoT 

^A<&*o LA^L. hU>^T0 Si affi^ S$E$ 

-H:^fctf)CDiafiimEli> hb>5^T(D Si02/Si 



In above-mentioned Figure 6 and Figure 7 (A ), base of 
trench isolation section has reached to n'substrate 1 as r 
espective extreme example,when and, base of trench isola 
tion section was inside epitaxial layer 2 and the impurity 
concentration of said trench base 16 showed case where 
fully it is low. profile b of depth direction of impurity 
concentration of epitaxial layer of actual SITimage sensor 
, way itshows in Figure 8 , receiving influence of ther 
mal processing in process ,in order from n'substrate Sb f 
acing toward epitaxial layer surface scattering todo, differ 
s from impurity concentration profile a at time of epitaxi 
al layer formation largely, haschanged gradually. 

Considering voltage of device section which is a profile 
of the epitaxial layer impurity concentration a this way a 
nd in midst of operating, although it preventsfact that pa 
rasitism channel is formed between adjacent p'gate it is 
necessary todecide sufficient trench depth . But, threshold 

voltage in order inverting to do Sisurface under trench , 
depending on Si02/Siinterface level density etc under tre 
nch , can think also that it isa unstable and therefore in 

order to prevent formation of parasitism channel comple 
tely, must cope by fact that deep trench is dug fully wit 
h Yutaka excessively. 



ja±(D<fc9lC. SIT ^:^-V^:y^(D-\l)im^U 

m p'^*-h^V-X-KU^><tU. hL/>^5j^gi 
U^}^^^-htt^m± MOS h^>vX^A< 

ON t^ztiz^^j.mmt^-tiji^o p'^-KPsi 

Z(Dm± MOS h7>vX^A< ON -f SiSfil 
hb>5"TCD Si02/Si ^B-CCDSB^Sii^S^ 

S£*CD SIT Av-tzl/t^CD^T^^It 

\zh[yy^^^:^jX^mi^tzm'^\zts{fi>±ti 

mmj^.'&m}kt^fzif)iztj:ttifz=t(DX\ sit^ 



Deep trench however is formed, for anisotropic etching t 

hick mask beingnecessary, in order furthermore to require 
lengthy even in anisotropic etching treatment, burden of 
process increases, furthermore, it is thoughtthat injury gi 

ves adverse effect to device characteristic with anisotropi 

c etching . 

Like above, in order of SITimage sensor to separate bet 
ween cell , when trench isolation system is used, when 
voltage difference occurs between p'gate of the cell whic 
h is adjacent, both p'gate are designated as source * drain 

,between of p'gate of cell which is adjacent parasitism 
MOS transistor whichdesignates trench isolation section a 
s floating gate by ON doing,does continuity , cell portio 
n separation is a possibility inhibition of being done, this 

parasitism MOS transistor as for threshold value which 
ON is done trench depth (impurity concentration with tre 
nch base ),depends on interface level density etc with Si 
02/Siinterface under trench , if trench depth is made dee 
p, but threshold value can be made high, when trench d 
epth is formeddeeply, as though it is a description abov 
e, various problem occurs. As for this invention, when tr 
ench isolation system is used for element separation of c 
onventional SITimage sensor ,being something which can 

be made above-mentioned Means to Solve the Problems 

which canbe put, in under which kind of bias condition 



Page 5 Paterra® InstantMT® Machine Translation (US Patent 6,490,548). Translated and formatted in Tsukuba, Japan. 



0^5izmfS.ti>zt\z^^). m± Mos h^>v 

j^t-^cticcfey. MOS h^>vx'$^^i^.s 
Lxmmm^(Df-hm{z'^±'f^^-)i0mf$. 



KiTm^miz^i^xmrnt^o 



which is in midst ofoperating of device in line sensor o 
r solid image pickup apparatus or other image sensor wh 
ich configuration isdone, with SIT as photoelectric conve 
rsion element , Sisurface of trench base doing, inverting 
it designates that element separation method is offered w 
ith trench isolation which does not have fact that parasiti 
sm channel is formed as objective . 

means of Means to Solve the Problems 

And action) 

Above-mentioned Means to Solve the Problems , this ap 
plication first invention digging slot in first semiconducto 
r substrate whichmcludes first impurity of image sensor 
which configuration is done with electrostatic induction tr 
ansistor as photoelectric conversion element , applying in 
sulating film to interior surface of the said slot and bury 
ing slot with polysilicon and resetting and regardingto m 
ethod which separates element , raising first impurity con 
centration of first semiconductor substrate which touches 
to aforementioned slot , being something whichseparates 
element , in addition as for second invention , It is som 
ething where you dig slot in first semiconductor substrate 

which includes first impurity , in image sensor which c 
onfiguration is done with electrostatic induction transistor 

as photoelectric conversion element , apply insulating fil 
m to only side face of the said slot , bury slot with pol 
ysiiicon and reset and separates the element . element se 
paration method like above-mentioned first invention beca 
use it is possible, toincrease threshold value of parasitism 

MOS transistor , by configuration doing, in underwhiche 
ver kind of bias condition which is in midst of operating 

of the image sensor , it is possible, to designate channe 
1 between gate of the adjacent element as regular off , it 

is possible to do satisfactory element separation . In ad 
dition like above-mentioned second invention removing p 
arasitism MOS transistor by the configuration doing, it is 

possible, can measure satisfactory element separation too 
bstruct formation of parasitism channel between gate of a 
djacent element . 

(Working Example ) 

You explain concerning below Working Example . 



ifeizm 7 ll(A),(B)(cfclNr*Uc. ISIff -tr jKT) 
p'^-h G1,G2 (hhU>T5i^ltSC 15 XmfSL-^^ 
MOS h^>vX^(7)^-V^^^U 18 ^^B#^ 
yizLXifS<\z\t. SITTL/^K)^4^ICHU>5^|:^ 

tku v'j=i> 19 \zmR CUC2 '^^tLxmt>^n, 

aEcfcyti>^4 MOS K^>vX^(Dl§fil^g 

^|l](3is^L-cfclt^^J:L^o^■u■cca)^4 mos 

h^>vX^[± P ^^^:^^)i^tJi<DX\ m± MOS 



First it showed Figure 7 (A ), in (B ), in p'gate Gl, G2 
and trench isolation section 15 of adjacent cell to desig 
nate channel 18 of parasifism MOS transistor which the 
configuration is done as regular off , during SITarray op 
erafing through the capacity CI, C2 to polysilicon 19 ins 
ide trench , in comparison with negative voltage which j 
oins, threshold value of parasitism MOS transistor to neg 
ative side should have been set. Because and this parasit 
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m\t. hb>^ffli]®ai;isgB(DSigffiMis<DN 

^^v-^'JH 2 ^r^^SLLfz SI *«IZhb>^^ 
igyaj^. hL/>5^iUi1^<7) Si SS^VX^Lfc* 
POCI3'U>K-:^Si02,h:*K-3^Si02l?i& 
ffll^Th^>^l^iyCD Si {Z N SJ^I^i^l^^ 
■r^o m 1 BllcfctNr. 25 (iZ0K— tV^^ICcfe 

(D^|cffJliE$tL/c PSG,AsSG ^l^x^L. Ml^^ 

mtm 26 -ehb>5^i^ Si ^^muzWi. y>K 

hL/>^rt?KUv'Jr3> 27 ai; Si affi^s 



-r^l^li.lll^^1tIlilf^VX^(zLT Si S« 

ichb^^^iSUiAj^. hb>^rt Si 

IC<fcorhU>^JS$|5lw N 32 A^ft^JiE^H 
-So hb>5^tty>K-:^7K'JvUa> 33 iCcfeoT 
StoM^^K. hb^^P^TKU vUa> 33 (!: Si 

t^m^mtm 34 t*si\ m^<7):/p-i2xicii 

p'<f-h 35 m^WMt^o zoy^fmmvith 

b>^lSa5lCCD^ii«^S^lr N SI 32 
tl'ScDT'. Z0 N SI 32 (!: p'^'-h 35 tliES 
icttJ^MUdTl^o Ltzt<^xm± MOS 
7.^0SS<i^ :*;#<i:^fctolc N MS 32 0;lJt 

^+^^;s<iM^T^t. p'^*-h 35 t0ms,itWi< 

V^i>o tjiiS. % 1 HIZ7fvLtcll]5fi^5i]-ei±. N S 

mist p'>f-h 29 <t A<a^^^^ft!iLTt^'&yz«). 



9c\zi&-<fz<i:oiz.mm'\i)i^(D p'^*-hm\zm 

4 MOS \-^yV7s9t<r^f&^hi>ZtlZ^'0X. 

05 h^>vX^^^^LT^;K(iJ:l\m 3 HI 



ism MOS transistor is Pchannel , to increase threshold v 
alue of the parasitism MOS transistor , n-type impurity c 
oncentration of trench directly below should have been i 
ncreased especiallymeans. trench isolation structure of co 
nfiguration which is shown in the.Figure 1 which is a fi 
gurewhich as for Figure 1 , n-type of Sisurface vicinity 
of trench side face and the base in figure which shows 
Working Example of this application first invention whic 
h increasednon- sluggishly thing concentration , as for Fi 
gure 2 , increased Sisurface concentration of trench base 
, shows other Working Example is drawn up, first with 
oxide film etc as mask , You dig trench in Sone reacto 
r sheet which formed epitaxial layer 2 and are packed,do 
ped you do n-type impurity in Si of trench inside makin 
g use of wayand P0C13* [rindoopu ] Si02, arsenic dope 
d Si02 etc which Sisurface other than trench the mask a 
re done. In Figure 1 , 25 is portion which increased n-t 
ype concentration with the this doping . PSG , AsSG w 
hich was formed to case of doping is removed, withthin 
thermal oxide film 26 insulating after doing Si inside tr 
ench , the trench is imbedded with non doped polysilico 
n 27. After that, oxidation doing polysilicon 27 and Sisu 
bstrate surface inside trench ,it forms thick oxide film 2 
8, advances to process from now on next,forms p'gate 2 
9. 

On one hand, you dig trench in Sisubstrate with thick o 
xide film etcwhere trench isolation structure which is sho 
wn in Figure 2 is drawn up, as mask and are packed, S 
i inside trench you introduce selectively n-type impurity i 
nto only Si of trench base with 31 insulating after doin 
g, withvertical ion implantation of phosphorus and arseni 
c such as thin thermal oxide film . n-type layer 32 is fo 
rmed to trench base with n-type impurity which at timeo 
f this is introduced. It buries trench with non doped pol 
ysilicon 33 and is reset, covers polysilicon 33 and Sisurf 
ace inside trench with thick oxide film 34, advances to 
process fi-om now on, forms p'gate 35 etc. Because with 

this configuration example selectively n-type layer 32 is 

formed to only trench base ,this n-type layer 32 and p' 
gate 35 it does not contact direct. Therefore fiiUy choosi 
ng concentration of n-type layer 32 highly inorder to tak 
e threshold value of parasitism MOS transistor largely, it 

can make pressure resistance of p'gate 35 high. Further 
more, with Working Example which is shown in Figure 
1 , because n-type layer 25 and p'gate 29 direct contact 
it has done, in order to make the concentration of n-type 

layer 25 high, there is a limit . 

As expressed before, by fact that parasitism MOS transis 
tor is formed between the p'gate of adjacent cell , becau 
se it is something which can designate the channel as be 
tween both p' [gee ] *, occurrence of this channel isobst 
ructed, removing parasitism MOS transistor . Figure 3 (A 
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(A)(i. CCD j:5i^mfi£Lfc*sim 2 mmomm 
itmmommm 42 v^mu hi^y^mm 43 

liStti(D Si i^mtHLtz^m-Qhiy^^^^lzyy 

^um^ikommmmm 3 i2!(B)ic7T^t-o p' 

<r- h Gi,G2 ci,c2 ^^tLxyy\^-zf 
7K'JvUa:/44irSig!^H^o />K-:/7KUv'J 
=i> 44 itmii)XX^UtS.tji R ^ 

0 icgm$*t«)o 



•>f-h 45 t n'Xe^^v^^H 2 CDPslCD^SH 

(DB#. Hb^^'JSSP 43 (D Si WHtlt Vp "efe'So 
m3lll(B)|cfcLN-t:46-ejSLfca5^A^hU>5^)t 
§15 43 0) Si izffl^-r^o 

(c^s^b-rsii^icii.p'^-h 45 txe^:^r 

vA';H2a)rBii--cf^'5^siiA<Hu>^isa54 

3 lc*r*a•r'5C<!:A^^fcy9^o C(DB#. Si S*5 2 

tTKu vU3> 44 (D^m-^&izn^t^mii'a 
wj:m^\zimm^)\^(D p'^-hmiz/oi^o^ 



m 4 UllZTfvf ^]5£0'JA<. zoX^.'^M^Lfzt 

(Dvib^o zommiitmi^Mitm'^^T.oiz 
LT Si &mz\-\^y^^m^)^^. hb>^gB 

^flijaii^e^tii 52 T-«iS$4x.isi«-b;K7) p' 

^^-h53,54mmt^Ztlttj:l\U hb>^lS 
Sli 56 iCli N MH 55 A<}f$fdt^iX. p'^*-h 53 fc 
*tN|* 54 t n-Xe^^^v-V^U^ 2 (DHICT^-S 

^S]iA<> hU^^IIgp 56 ^^S^b'T'&ciirfi 

.^^zti}^xt^(Dx\ mmizm^'AMt^vt^ 
tmmz^ p-y-h 53,54 it N s!i 55 ttmii 

i^m<ti>Zti3<Xt^. 



), this way is figure which shows Working Example of 
the this application second invention which configuration 
is done, insulating it does trench side face 41 with thin 
thermal oxide film or other insulating film 42, trench b 
ase 43 with the state which Si of substrate exposes imbe 
ds non doped polysilicon 44 inside the trench . equivale 
nt circuit of this trench isolation structure is shown in Fi 
gure 3 (B ). Both p* [gee ] * Gl, G2 through capacity 
CI, C2, it is connected to the non doped polysilicon 44. 
Because non doped polysilicon 44 is regarded conductor 
which quite has large resistor R, it is connected to drai 
n voltage VO through this resistor R. 

With this Working Example , as for trench base 43, quit 
e large voltage difference exists between p'gate of adjace 
nt cell , if there are not times when depletionlayer betw 
een p'gate 45 and n'epitaxial layer 2 reaches to trench b 
ase itcontinues to be a n-type , therefore, channel does n 
ot occur. At time of this , Sivoltage of trench base 43 i 
s Vp. portion which is shown with 46 in Figure 3 (B ) 
is suitable to the Si of trench base 43. 

When by way, trench to be shallow in this configuration 
, impurity concentration of epitaxial layer 2 to be low 
easily depletion it does, can be p'gate 45 and thedepletio 
n layer which can be made between epitaxial layer 2 rea 
ching to the trench base 43, When there is a possibility 
of generating large darkness output attime of this , due t 

0 excessive charge which occurs with level which exists 
in interface vicinity of Sisubstrate 2 and polysilicon 44, 
whensimultaneously, this depletion layer invades inside ce 
11 ofnext door, it becomes cause of smearing , in extrem 
e case also the possibility which forms bulk channel bet 
ween p'gate of adjacent cell comes out. 

Working Example which is shown in Figure 4 , is some 
thing which solves the this deficiency . this Working Ex 
ample to dig trench in Sisubstrate with thick oxide film 
as the mask , to be packed, oxidation after doing trench 
surface , only oxide film of trench base to remove with 
anisotropic etching , after ion implantation doing n-type 
impurity in trench base , it is something which it imbe 
ds with non doped polysilicon 51. With this structure as 
for trench side face it is protected with insulating film 
52, thereare not times when p'gate 53, 54 of adjacent eel 

1 contacts depletion layerwhere and, n-type layer 55 is fo 
rmed by trench base 56, p'gate 53 or canmake between 
54 and n- epitaxial layer 2, are not times when depletio 
n it does trench base 56. In addition because concentrati 
on of n-type layer at time of this can choose fully highl 
y, when element separation is possible securely,because s 
imultaneously, p'gate 53, 54 and n-type layer 55 are not 
timeswhen direct contact it does, connecting pressure resi 
stance of both can take the fully highly. 
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Furthermore, polysilicon 51 doping is done from n-type I 
ayer 55 n-type impurity by scattering doing to non dope 
d polysilicon 51 through heat step in process , the polys 
ilicon entirety bias is done in same positive voltage as n' 
substrate I. 



Z<D/NVTXlCj;yhU>5^tJ®(7) Si57 I*, p'^ 

53,54 (Dmrnzh^^jmrn^titizmmm 

mmo) Si Mlc_p'^^ 
— hi:hU>^ESPCD n'S£ifcli(7)ifE$ilj<-f 



vUzi> 61 A^bC0ftiiifclc<feyhb>5^J&^lc n' 

'So K-::^h7KUvU=i> 61 (i.cvD B$ir'j>^ 

CD N mT-m^^^t:mtLxmm^^x=bi:i^ 

L. ft*j)izy:yK-::^;K'J v»J=i>i:LTJt«Lr 

ANb. Pocl3 IITN MlcK-3^LTtcfcLNo -CD^ 
5l3K-:/h7KUv'j3> 61 T^hb>T^iltoJ^ 

^}W±Lxmztt<x^^o UtS 63 li p'>f-K 

cfcoThb^^isspic n'ji^ffji«-r*:^a^rM*. 

fc-ScDt?. p'^-h 53,54 i: N Mil 55. tUt>-k 

la^l. c(Dm 5 micTTvLfcrn 3 ommmx 



As for Si57 of trench side face , excessively without bei 
ng influenced ispossible fact that it makes compilation la 
yer to voltage of p'gate 53, 54 with this bias , Because 
as for this it is possible, to bury Si02insulating film 52 
of trench side face and interface level which exists in in 
terface of Si57 with normally electron it ispossible to pr 
event excessive charge occurrence from interface level , t 
hereforealthough darkness output is held down small, it i 
s effective. Effect of second Working Example which is 
shown in Figure 4 , element separation to bepossible sec 
urely by fact that namely, trench base is maintained at t 
he normally n-type , in addition because polysilicon insid 
e trench becomes same positive voltage as n'substrate , it 
is possible, furthermore can make pressure resistance of 
p'gate and n'diffusion layer of trench base high to desig 
nate Si of trench side face as compilation layer, effect t 
hat, Other Working Example which it can pull out more 
securely, requires is shownin Figure 5 . 

As for this Working Example as shown in Figure 5 , be 
ing something which forms n'diffusion layer 62 in trench 

base with scattering from doped polysilicon layer 61, ot 
her than using doped polysilicon layer in pad of trench , 

it is produced with method whichis similar to first Wor 
king Example which it shows in Figure 3 . After may b 
e accumulated and first as membrane which includes the 

phosphorus or other n-type impurity at time of CVD ac 
cumulating doped polysilicon layer 61, as non doped pol 
ysilicon doped it is possible to do to n-type with such a 
s Pocl3. this way when it buries trench it can regard pol 
ysilicon the low resistance conductor with doped polysilic 
on layer 61 and by resetting, simultaneously, it is possibl 
etc handle as high concentration n-type impurity diffiisio 
n source . Furthermore 63 is p'gate , . 

In addition because with method which with ion implant 
ation of second Working Example which is shown in Fi 
gure 4 forms n' layer in trench base , n-type impurit>' b 
eing introduced into also trench side face with such as tr 
ench shape and incident angle of ion there is a possibilit 
y, p'gate 53, 54 and n-type layer 55, namelythere is a ri 
sk which causes pressure resistance decrease of drain sub 
strate 1. But, with Working Example of third which is s 
hown in this Figure 5 , as for undesirable a this way it 
does not occur. 



(Effect of Invention ) 
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As explained on basis of or more Working Example , ac 
cording to this application each invention, in slot separati 
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